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Dhyperactivity/impulsivity. Percentile rankings were used to
identify children rated by their parents as scoring signifi-
cantly high in inattention or hyperactivity.
The Preschool and Kindergarten Behavior Scales
(PKBS) provide 3 scores for social skills, including social
cooperation, social interaction, and social independence,
and 5 scores for problem behaviors, including self-
centered/explosive, attention problems/overactive, antiso-
cial/aggressive and social withdrawal, anxiety/somatic,
and total.10 Normative data were obtained from 2855
preschool-aged children (3-6 years of age). Reliability
was reported to range from 0.81 to 0.97 in internal consis-
tency and in the moderate to high range (0.58-0.87) in
test–retest reliability. Predictive validity studies suggested
that PKBS scores were able to predict need for special
education services. Validity studies comparing the PKBS
with other tests of social skills indicated strong
correlations.
The Developmental Test of Visual Motor Integration
(VMI) is a copying task that will be used to assess the
child’s fine-motor and visual-motor coordination skills.14
It takes 10 minutes to complete and yields standard scores
with a mean of 100 and a standard deviation of 15. It is
a widely recognized test, and the new edition was pub-
lished in 1989. Handedness will also be noted on the
VMI. Interrater reliability had a median of 0.93. Gener-
ally, researchers found the VMI to be a valuable predictor
when used in combination with other measures. Positive
correlation with other tests of visual skills and motor
skills were documented in the manual ranging from 0.72
to 0.76.
The NEPSY (Neuro-PSYchology) is a developmental
neuropsychologic assessment tool that was published in
1998.13 The NEPSY Statue subtest assesses inhibition and
motor persistence. The NEPSY subtests yield scale scores
with a mean of 10 and standard deviation of 3. Reliability
ranges from 0.50 to 0.81. Validity studies indicate that there
is a low correlation between the attention/executive func-
tion subtests and tests of general intelligence. The use of
the NEPSY with clinical populations of children diagnosed
with ADHD indicates that identified children score signifi-
cantly poorer on the tests of attention.
The Wide Range Assessment of Visual Motor Abilities
(WRAVMA) pegboard is a manipulative dexterity test.15
The child inserts as many pegs as possible within 90 sec-
onds using a nearly square pegboard. The pegboard is ‘‘waf-
fled’’ to add to its fine-motor demands as well as to increase
its aesthetic appeal. First the test is completed with the dom-
inant hand and then the nondominant hand. This test was
chosen from the collection of pegboard tasks (such as the
Purdue Pegboard and the Grooved Pegboard) because it is
the only one that was designed and standardized for
a 4-year-old population. The scores that are provided are
standard scores and percentiles that were published inThe Journal of Thoracic and Ca1995. There is strong reliability and validity for the pro-
posed age group.Discussion
Dr Frank A. Pigula (Boston, Mass). Dr Goff and her col-
leagues have looked at the 4-year neurodevelopmental (ND) out-
comes of children who underwent surgery in infancy, and their
primary variable of interest was their gestational age (GA) at birth.
I have a few comments and then 2 questions.
Your manuscript suggests that the children with congenital
heart disease (CHD) born between 39 and 40 weeks’ gestation
are somehow privileged with respect to neurologic development.
I found it notable in your manuscript that despite controlling for
patient and operative characteristics, this was a general effect af-
fecting not only the most severe forms of CHD but also those
that we would deem less severe.
I think this study is valuable in that it extends the time horizon to
4 years regarding ND outcomes and it also further informs some of
the findings that have been presented by Dr John Costello and
some of my colleagues at Boston Children’s Hospital, which you
have referred to in your presentation. They identified that patients
born at or before 38 weeks experience significantly higher mortal-
ity risk with a greater likelihood of serious morbidity. Thus the ef-
fect between that study and your study is a magnification of this
effect. The child that is lucky enough to survive surgery is at
greater risk for further ND problems in the future.
I think this is all the more important when one realizes, as you
had alluded to, that some of these deliveries, what you would call
near-term deliveries, are elective and therefore discretionary.In Dr
Costello’s review of that, it was up to 20% to 25% of the deliveries.
That is one area in which some discretion and judgment can be
used.
I have 3 questions for you.
While the discussion focused on the GA and its relationship to
outcomes, did you examine the effect of the corrected GA, in other
words, the period of time after birth but before surgery? For in-
stance, if a child was born at 38 weeks but operated on at 40 weeks,
did the child acquire any benefit?
Dr Goff. We did not look at corrected GA at surgery, but we did
adjust for GA at birth with the multivariate analysis, which ad-
justed for both patient and operative confounders.
Dr Pigula. Is it correct to say that, by your analysis, it would not
be a reasonable approach to delay surgery to allow further devel-
opment of the baby?
Dr Goff. Correct.
Dr Pigula. Can you speculate as to why the near-term brain
seems to be at an ND disadvantage as opposed to the brain at
a term delivery at 40 weeks?
Dr Goff. Dr Hannah Kinney, from Children’s Hospital Boston,
published an article in Seminars in Perinatology discussing how
much brain growth occurs in utero during the third trimester. At
34weeks, the fetal brain has only reached 65% of the brain volume
and maturation of a term brain at 39 to 40 weeks. There is an in-
credible amount of brain maturation that occurs from 34 to 39
weeks gestation. So a baby born late preterm/near term may be
more vulnerable to white matter injury.rdiovascular Surgery c Volume 143, Number 3 541
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DDr Pigula. Presumably the environment plays a large role in
what happens to these babies.
Dr Goff. The in utero environment?
Dr Pigula. Well, yes, in between the in utero and postnatal
environment.
Dr Goff. Yes, both the in utero and postnatal environment play
a role in the risk for white matter injury, which may lead to later
ND issues.
Dr Pigula. Given the consonance of your findings with Costel-
lo’s, how do you suggest we proceed? It seems to me that this in-
formation has to make its way to the decision makers, and those
would be the obstetricians that are involved with the prenatal
care for these babies. Do you have any suggestions for us about
how to approach this kind of care delivery aspect?
Dr Goff. These data provide further evidence of the importance
of timing of elective delivery at 39 weeks. Even in infants without
CHD, The American College of Obstetricians and Gynecologists
has made a concerted effort to push delivery toward 39 weeks.
In conjunction with the data from both Costello and Cnota, we
have increasing evidence in our population of children with
CHD that timing of delivery is incredibly important and impacts
outcome. For thosewho have institutions where there is a multidis-
ciplinary approach, an organized plan for timing delivery can be
determined for a woman, for example, carrying a baby with hypo-
plastic left heart syndrome. If there are no maternal or fetal issues,
a multidisciplinary meeting (fetal cardiologists, maternal fetal
medicine specialists, and cardiac surgeons) could take place after
34 weeks to organize timing of delivery at 39 to 40 weeks. Of
course, this plan for elective delivery is dependent on continued as-
sessment for new maternal or fetal health issues.
Dr Pigula. One observation is that sometimes these families
come from a distance away and these deliveries are scheduled
on a fairly elective basis. However, schedules and travel are built
around them. I think that is one of the logistical items that we
are going to have to learn to be flexible with, not only us but
also the obstetricians.542 The Journal of Thoracic and Cardiovascular SurgDr Shunji Sano (Okayama, Japan). Is there any difference in
ND outcome between the infant with hypoplastic left heart syn-
drome and the other groups? Infants with hypoplastic left heart
syndrome have much less blood flow to the brain during fetal
life. Is there any difference?
Dr Goff. When we looked at the whole cohort, we adjusted for
the type of CHD in the analyses. We specifically removed com-
plexity of disease from the picture.
Dr Gaynor. I think I can make a comment. One of the things to
obviously look at is: Is there an interaction of GAwith cardiac di-
agnosis or other factors? Given the sample size, we did not look for
interaction terms. We did adjust for diagnosis. You could say that,
maybe the more severe defects will have more in utero pertuba-
tions, there is going to be an even magnified effect of younger
GA. There may be an interaction between certain types of CHD
or other factors with GA.We have not looked at that in this sample,
but I think it is an area for future research.
Dr Sano. Also, you just analyzed after 36 weeks’ gestation.
Was there any patient with less than 36 weeks’ gestation?
Dr Goff. In the total cohort, there were 27 patients out of the
378 patients.
Dr Sano. Many papers said that infants born at less than 32 or
34 weeks of GA are likely to have a brain hemorrhage after bypass
or some other complication. I wonder whether any other problem,
including ND outcome or this abnormality, is prevalent at even less
than 34 to 36 weeks of gestation.
Dr Goff. I think we know that premature birth is certainly
a risk factor for ND problems. We also know that a significant
amount of brain growth occurs during the third trimester. This
is important because Dr Dan Licht from our institution published
data showing that the brain maturation of a baby with CHD born
at 38 to 39 weeks is delayed around 4 weeks. If a baby with CHD
is born at 36 weeks, then that baby’s brain is similar to a baby
born at 32 weeks. As a result, this baby has an increased risk
for white matter injury which has been associated with later
ND problems.ery c March 2012
